This markdown describes the general approach for normalization of coverage plots for 'open' ATAC seq data. It primarily serves to document how data was normalized in the accompanying manuscript. By making a few changes to the lines below (indicated), a user could perform identical normalization on their own using this code, if so desired.
The open 'peaks' used below, and .wig formatted versions of the standardized (z-scored) data are deposited in GEO (GSE83851)
Initial (CPM) Normalization
One thing that we want the data to tell us is for any region of the genome, how "accessible" is it? To estimate this, we will calculate the average number of reads coming from fragments derived from "open" chromatin within each 10 base-pair window across the entire genome. The starting data are a mixture of fragments from 'open' chromatin and 'nucleosome associated' chromatin. Although in this case we are only really interested in open chromatin, we observe that the ratio of open:nucleosome fragments varies depending on phase of the cell cycle. This means that if we were to perform simple counts per million (CPM) normalization of the data on only the open fragments, we would inflate the abundance of open fragments in samples with a smaller proportion of open fragments compared with nucleosome fragments. To account for this, we have used the total number of duplicate filtered, high quality reads as the denominator for the CPM normalization, rather than the total number of open fragments alone.
The following approach for counting average coverage per 10 bp window is an adaptation of scripts appearing in the following website:
https://bioconductor.org/packages/devel/bioc/vignettes/GenomicRanges/inst/doc/GenomicRangesHOWTOs. pdf First, we need a set of 10-bp windows from the dm6 build of the genome:
library( GenomicRanges) library( GenomicAlignments) library( BSgenome.Dmelanogaster.UCSC.dm6) make.windows = function( binsize) { bins = tileGenome( seqinfo( Dmelanogaster), tilewidth = binsize, cut.last.tile.in.chrom = TRUE) return( bins) } genome.windows = make.windows( binsize = 10)
At this point, we should note that dm6 is a pain with its >1800 'chromosomes'. As a matter of practicality, we omit all non-canonical chromosomes. The following string will be used at several points to select only the 'good' chromosomes. 
# note that in some cases

all.data = x
We will want to use the total number of reads in all.data as the denominator for CPM normalization.
total.reads = length( all.data) total.reads
## [1] 6922040
The distribution of read-lengths can be plotted in order to get an idea of the relative fraction of small, open reads hist( width( all.data), breaks = 500, main = "Read-length distribution for all.data ", xlab = length (bp) , xaxt = n , xlim = c( 0,1000)) axis(1, at = seq( 0, 1000, by = 100)) You can see that that a significant proportion of the fragments are present within the small, open read (< or = 98 bp) range of the distribution. Although it appears that there may be more small reads to the right of the red line, elsewhere I have fit these distributions to a single exponential and three gaussians and found that 98 bp is the greatest size that I can use, in this dataset, to declare a region to be open, and have less than a 5% likelihood of a read actually belonging to the +1 nucleosome distribution to the right. With different datasets, this cutoff may be different. I believe Buenrostro 2013 used a 100 bp cutoff which would probably be fine as well.
We now define the set of open.reads that correspond to the < or = 98 bp fragments.
open.reads = all.data[width( all.data) <= 98]
Next, use the following lines to calculate the average number of reads within a 10 bp window. 
basecount = function( windows, data, chrlist) { # this is an instance of the general basecount function that takes as input # a set of bins (in GRanges format), a GRanges object containing count data, # and a list of chromosomes of interest. It returns a GRanges object
Standardization of Data
In the associated manuscript, what I've done is performed ATAC seq on multiple related biological samples, and part of the analysis requires comparison between these replicates.
The following line loads a GRangesList object that the user will have to generate independently, which consists of the output of the above section (CPM normalized average coverage in 10 bp windows), applied to each of the timepoints measured for wild-type embryos in the associated manuscript. Each timepoint consisted of at least three independent biological replicates, and for the purposes of analysis, all replicates for each timepoint were pooled together prior to CPM normalization. Like with any genomic dataset, the relative proportion of 'high coverage' 10 bp windows is a small fraction of the total number of 10 bp windows. The majority of these high coverage windows are captured in the peaks list. In order to compare how the counts within peaks compare across timepoints, I have chosen to further standardize the coverage scores.
Standardization transforms the coverage values from counts per million to (effectively) the number of standard deviations above or below the population mean. To do this, I calculate the average number of CPM in a set of noisy or background regions, and then scale the entire dataset so that these background regions have a mean value of zero and a standard deviation of one.
The following section illustrates how this is done in practice. 
# the following section designates a set of official noise peaks from which
